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Outline of the talk .....

* Background

* Objectives

* Modeling, Simulation & Assessment
 Summary & Future Work




cCorrosion

* A growing problem in aging aircraft
* Military (Army, Air Force, Navy)
» General Aviation
« Commercial
* Others

Impact
200 billion dollars per year in the aircraft industry
alone...

v Extend Design life

v Improve Detection/Inspection Methods
v"Monitoring and Prediction Methods



Impact of Corrosion

* Corrosion leads to part failure...




Structural Integrity Assessment
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Advanced Computer Vision and Computational Intelligence

methods integrated with remote operations using
distributed maintenance and inspection networks

(Data base of corrosion damage from different material/structural systems,

which can be shared via internet for repair and failure histories)

Technologies of Interest - Better coatings, reliable
Inspection methods, modeling and predictions methods



Current Work

« Many people are working with corrosion models —
empirical, experiments, continuum, discrete,
mechanistic, stochastic, and others ....

— Anti-corrosive coatings
— Material redesign

— Better Inspection Methods
But...

Our approach is based on computational simulations.

‘Mapping the corrosion damage in terms of quantitative
measurements, which can be used for further growth/failure
analysis on structural integrity and life prediction



Intelligent Corrosion Damage
Assessment System (ICDAS)

» A multidisciplinary approach
—Image Processing
— Computer Vision
— Material Mechanics
— Artificial Intelligence
— Structural Analysis/Methods
—Mathematics



e Goal: Estimate the severity of the corrosion
damage - structural integrity and life prediction

e Modeling and simulation of corrosion pit
damage process (Part |)

e Assessment of corrosion damage (Part Il)

e Provide a “Safety Index” to assess the long-term
durability of aging structures/materials

e Integrate the corrosion damage quantification with
user friendly environment and GUI



Corrosion Pit Initiation
and Growth Model
(Part 1)



Modeling Surface Corrosion
In Materials
Approach

Severe corrosion at the

* Adiscrete dynamical Lap Joints and rivet holes
computational model based

on cellular automata (CA) is
being developed to simulate
the pitting corrosion process.

« The model Is at the micro-
level based on chemical
parameters.

 The model is general and
can apply to different
materials.



Spatial Simulation

2D Simulation

Single Pit

Multi Pit



Corrosion Growth Model using
Cellular Automata

« The material surface is divided

into grid of small uniform squares, j |_
or cells.

« The local cellular automata rule is S S S S
enforced on a neighborhood ///?////////
WlndOWOf?e”S. 7 7

* The corrosion growth at the VY a4V
center cell is defined by the state S S S S
of all the cells in this S
neighborhood through the local
rule. Governing Equation

S(t+1,x)=S(t,x)+k f(S(t,x))+k,R(f(S(t,x+c)), F(S(t,x+c,)),
f(S(t,x+c;)), F(S(t,x+c,)))+K,R,(f(S(t,x+d,)), F(S(t,x+d,)),
f(S(t,x+d,)), f(S(t,x+d,)))+k,A



Chemical Parameters

1
k, = A*(PH —7)?*step(4,8.5) *e™ *?*C* D*z
e A IS adiscount factor;
« PH is the ph value of the solution;

« step(4,8.5) is a function with value O between 4 and 8.5,
and 1 otherwise;

* Pot is the potential difference between the metal and
solution;

T Is the absolute temperature;

C is the concentration of the reaction species;
D is the diffusivity of the reaction species;

z Is the charge of the reaction species.



Simulation Results

(a) Experiment (b) Simulation
Comparison of simulated data with the experimental data from

Dayton, the time is 3600 seconds and the potential value is
set at 0.57v (blue indicates corrosion)



Experimental
Data - Image

Validation Process

Simulated
Image

NS

Features Extraction
through
Image Processing

l

Comparison of
Features

\

O Experimental Data
& Simulation

Energy




PPPPP

. . . Effect of Potential

EE

Effect of pH



Corrosion Sensing through
Fluorescence Imaging

UV source Optical Camera







Pit Initiation/Growth — Governing Equations

Birth Probability Death Probability

A, is the birth probability

A, is the intrinsic rate constant for birth of embryos
Cl- is the Chloride concentration of solution

a, is constant

U, is the death probability of the embryo
Uo IS the intrinsic constant for death of embryo
OH- is the concentration of hydroxyl anion

F is faraday § constant a, is constant
R is universal gas constant Epass IS the potential under which the embryo
T is the absolute temperature repassivates

E is the electrochemical potential applied to the surface R is universal gas constant
E.. is the critical potential over which pitting takes place T is the absolute temperature

Transition Rate Pit Growth

Y, is the transition rate from
embryo to stable pit
Y, IS the intrinsic rate constant
A, is the apparent activation energy
R is universal gas constant
T is the absolute temperature

Ar/ At is the corrosion growth rate
T is the absolute temperature
pH is the pH of solution

Conc is the Concentration of solution
Farmer et al. (1998)



3-D Corrosion Simulation



3D Visualization

« Computer program has been
developed to simulate the
3D corrosion model.




Corrosion Damage
Assessment
(Part Il)



The Assessment Problem

ldentify and Quantify corrosion on an NDI image

A panel with corroded A corroded
regions region



ldentification Process
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Quantification Process
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ldentification/Quantification
Results (FAA Data)

Eddy Current 5 kHz

Ultrasound 0.0425” pulse

Color Index
Blue 0-5% material loss

Red 20-25% material loss




ldentification/Quantification
Results (US Air Force Data)

EC 2 kHz

EC 12 kHz

Color Index
Blue 0-5% material loss
Magenta 15-20% material loss
Red 20-25% material loss




Quantification Results
(Raytheon Data)

Ultrasonic Images of Corrosion pits with varying

material loss were used

10% loss

/2 for training
12 for testing

Error 15%

20% loss 30% loss
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Severity Analysis

(Estimate the severity in
terms of residual strength,
material loss, and fatigue life)

Damage Prediction by
Neural Networks

Redesign by Inverse
Mapping of Neural
Networks

Optimization by Particle
Swarm Method

(Intelligent
System)
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Corrosion Modeling / Simulation /
Life Prediction - Overview

Computational Intelligence

Identification

Methods

Neural
Networks &
CA
PSO

-

Modeling &
Simulation J

Wavelet
Features

Image Processing/

7

Material
Loss

Structural Integrity &
Life Prediction




Summary

*Pitting Corrosion Modeling and
Simulation

Validation Studies with Experimental
Data

- Corrosion Damage Assessment



Future Work

« Continue Modeling & Simulation to Predict
Fatigue life and Structural Integrity due to
Corrosion

*Multi-Scale (Nano-Micro-Macro- Ievels) I\/Iodellng
of Corrosion Damage




Thanks |

Any Questions ?



